INTRODUCTION
In recent years, with the progress and gradual development of the infrared image processing and computer visual recognition technology, the computer visual recognition of the electrical equipment and analysis of the operational status of the electrical equipment play increasingly important roles in the power system monitoring. The status of the electrical equipment is a key factor for safe and reliable operation of the power grid, so real-time monitoring of the operation status of the electrical equipment is essential for safe and reliable operation of the substation.
The infrared image analysis and recognition technology can fundamentally solve some problems in on-line monitoring of the electrical equipment: Operational parameters of essential equipment are required to be monitored in real time, and it is difficult to meet real-time requirements via manual patrol, and the responsibility, work attitude and mental condition of the inspectors seriously affect the detection results; the operation status of a lot of high-voltage equipment is difficult to be converted into electrical signals, and it is susceptible to strong electromagnetic fields in the process of signal conversion and transmission; in addition, human eyes are difficult to distinguish changes of the gray scale in microscopic image, and difficult to objectively judge the degree of surface defects of the electrical equipment. "Therefore, the image analysis and recognition technology can facilitate intelligence and automation of the online monitoring system, improve work efficiency of the staff in the substation and achieve a greater economic efficiency, which will have a greater utility value and application prospect." This paper mainly researches the real-time recognition of the operation status of a substation based on the infrared image processing technology and feature extraction technology. This paper will focus on the research of the technology and algorithm for the noise reduction, segmentation and recognition of the substation infrared image and extraction of necessary features and data. ABSTRACT: In the power system, the substation as the most important node to connect the transmission system with distribution system is an important factor to determine whether the power system is under the normal operation. Real-time recognition of the operation status of the equipment in the substation by using the recognition technology based on the infrared image target extraction can timely observe the equipment fault points, and help the repair and maintenance personnel to eliminate the fault points timely. This paper will focus on the noise reduction, segmentation and recognition of the substation infrared image by using the recognition technology based on the infrared image target extraction, so as to extract necessary features and the technology and algorithm about data for real-time monitoring of the equipment in the substation, and improve the evaluation of the operational safety of the equipment in the substation.
Keywords: target recognition; feature extraction; filtering noise reduction as an example, the system includes real-time monitoring of the equipment in all substations with the power grid dispatching automation system (SCADA), high-voltage equipment insulation monitoring system and relay protection and all other units. Currently, the power grid in cities and counties has established several sets of remote video monitoring system in the substation, which play important roles in the operation of the power systems. This paper proposes a recognition system program based on the infrared image target extraction, and increases a far-infrared camera and image analysis and recognition system based on the original video monitoring system. However, the video servers and IP data acquisition modules and some other hardware devices need not to be changed. The overall program structure of the recognition system based on the infrared image target extraction is shown in Figure 1 .
As the most front-end equipment in the recognition system are based on the infrared image target extraction, the infrared camera is to be installed in a suitable location close to each electrical equipment in the substation, which converts the operation status of each power into optical signals via infrared signals and then into communication signals via the back-end equipment of the infrared camera, so as to transmit to the video server. Then the video server will transmit abnormal operation data to the alarm unit through comparison with the diagram of the normal operation status entered in advance and the diagram of the operation status of the equipment monitored, and the video server will also transmit all data related to abnormal signals and normal signals of equipment operation to the monitoring server in the monitoring center, so that the monitoring center can carry out further feature extraction and analysis of the infrared image according to the alarm signals of the equipment, and determine the grade of operation status of the equipment on this basis.
Research of key technology
Due to special environment of the substation, harsh natural environment and climatic factors and so on will affect the equipment operation signals acquired by the infrared acquisition equipment, so how to process and recognize key factors of the acquired images is a core point of the project. The image processing mainly has following steps: 1) pre-processing of the infrared image; 2) feature extraction of the infrared image; 3) target recognition of the electrical equipment; 4) fault diagnosis of the electrical equipment. Processing steps are shown in Figure 2. 
Research of the infrared image feature extraction technology
In the research of the recognition technology based on the infrared image target extraction, the feature extraction is a key step, and the compactness and robustness of the target image feature is one of the most important factors to directly determine whether the infrared image target recognition is successful. Currently, the world's most popular definition of the feature extraction technology refers to extracting the image information by using the computer to determine whether each point of the image belongs to the image feature with a result of an isolated point, continuous curve or continuous area. Commonly-used image features are color feature, texture feature, spatial relation feature and shape feature.
The target recognition is a process of looking for the target features to be recognized and then comparing it with the reference target features, so the feature extraction is a very important content in the recognition algorithm of the infrared image target. With the gradually in-depth research, there are more and more characteristic functions used to characterize the target. In the recognition of the substation operation status in the power system, there is a need to select these feature extraction functions, so as to achieve the purpose of high-efficient and effective recognition. Generally, the target extraction features can be divided into two categories: first, global features of the target, such as shape texture, texture feature, color feature, invariant moment feature and so on; second, local features of the target, such as feature point, target edge feature and so on.
After decades of research, there are a lot of sophisticated feature extraction methods. To select effective features to characterize the target is a key to ensure correct recognition. In order to meet the robustness requirements of the target recognition, the selected features must ensure not to be affected by noise as much as possible. In the image target recognition system, commonly-used features are used to characterize the target mainly include: 1) Visual features such as image contour, edge, shape, texture and so on;
2) Statistical features such as color histogram, gray-scale histogram and various moment features and so on;
3) Transformation coefficient features such as Fourier depicted operator, Wavelet Transform depicted operator, autoregressive model coefficient and so on; 4) Algebraic features such as singular value decomposition of the image matrix and so on.
(a) Feature extraction function
Geometric shape feature
The most direct information of recognizing the object is the shape of the object. A lot of objects can be recognized from the image through the shape of object. Shape feature is an optimal representation of the target with clear boundaries in the image, and it contains quite important information in the original image and also greatly reduces a total amount of data, which is also in line with the requirements of feature extraction. In the practical application, the same category of objects may have a variety of different colors or textures. Therefore, in many cases, the feature selection is not aimed at the target color and texture, but its shape feature is favored by its similarity for the similar objects. The shape of the object is not changed with the location and size of object in the image as well as the angle formed by the object and image, so the extracted feature vectors also need to satisfy the rotation invariance of the translation ratio. The aspect ratio, compactness, oval variance, circle variance and circumference square area ratio of the object can not only describe the shape feature of the object well, but also satisfy the rotation invariance of the translation ratio. Therefore, after acquiring the object edge pixels, there is a need to calculate the aspect ratio, compactness, oval variance, circle variance and circumference square area ratio of the object, and make them as the extracted shape feature value.
Assuming that the coordinate of the contour pixel is P X , Y , the contour P is a set of N number of random vectors, and the mean vector represents the center-of-mass coordinate of the object; the mean radius represents a mean distance between the edge pixel and center of mass; the covariance matrix C represents the variance between vectors; the aspect ratio represents the length-width ratio of the object; wherein: H is the height of circumscribed rectangle of the object, and W is the width of circumscribed rectangle of the object.
Compactness: P is the perimeter of the object; A is the area of the object. The greater the compactness is, the more compact the object constitution is.
Oval variance: Oval variance reflects the similarity degree of the shape of the object and oval. The smaller the oval variance is, the more similar to the oval is.
Circle variance: Circle variance reflects the similarity degree of the shape of the object and circle. The smaller the circle variance is, the more similar to the circle is.
The in-depth research and development of the feature extraction technology greatly promotes the progress of target recognition subject. And we attribute those achievements about object recognition to theoretical results of the feature extraction technology.
Hu invariant moment
If the geometrical shape of the object is simple, the above-described geometrical shape features are suffi-cient to properly describe the object, and the objects can be separated through these feature values.
However, some of the targets to be recognized are complicated shaped, and the objects could not be sufficiently characterized by only using the above mentioned geometrical shape features. In this case, these complex objects can be descried by the moment features. The moment features also have a good property of translation rotation and scale invariance, which are widely applied in the target recognition and target orientation estimation. The geometric moment is one of the simplest kinds in the moment function. Its core is a power of the pixel coordinate, and the calculation of the geometric moment is very simple, which is in comparison with other moments of the complex core.
The geometric moments define the basic set. Assuming that f (x, y) is a two-dimensional continuous function of the image, (p + q) order moment is defined as follows:
The moment can be used to describe a two-dimensional image based on the uniqueness principle. This principle is defined as follows: If the function f (x, y) is piecewise continuous, and there are a finite number of non-zero values in the plane of (x, y), there are also order moments, and the moment sequence is solely determined by f (x, y); on the contrary, it solely determines f (x, y). For M × N two-dimensional discrete digital image f (x, y), the discrete form of (p + q) order moment is defined as follows:
Regional center-of-mass coordinate is expressed as: Wherein, the zero-order moment is a sum of regional density, which can be seen as the quality of object with the thickness of 1. Thus, the first-order moment respectively divided by the zero-order moment is the center-of-mass coordinates of the object. The center distance is a measurement of the gray-scale value of the pixel in the area which is related to the center of mass, which is defined as follows:
Normalized center distance (b)Significance of feature extraction The feature is a remarkable sign to distinguish objects, and the feature extraction also becomes a necessary condition of the target recognition. It is one of the most important fundamental researches in the field of target recognition, which affects the accuracy rate of the target recognition and processing speed of the target recognition system. The research of the feature extraction technology shoulders two aspects of great mission: first, to extract the most essential and most representative feature from the appearance of the object to distinguish one object from others at the greatest extent; second, these features extracted can compress the data dimension for describing objects, and when the original data dimension for characterization of objects is quite large, this point is especially important. Good features should have following traits: 1) Distinguishability: For different categories of targets, their feature values shall have significant difference;
2) Reliability: For the same category of targets, their features shall be similar and have certain invariance;
3) Independence: Various features of the same object shall be uncorrelated, and high-correlation features can be combined to prevent redundancy of the feature information; 4) Small number: The computational complexity of the target recognition systems will be increased rapidly with the increase of the characteristic quantity.
EXPERIMENTAL VERIFICATION OF THE APPLICATION OF RECOGNITION TECH-NOLOGY BASED ON THE INFRARED IMAGE TARGET EXTRACTION IN SUBSTATION MONITORING
This paper selects monitoring foreign matters hanging up on the busbar and recognition of the state of the disconnecting switch (isolator) in the substation at South Renmin Road, Xiaodian District, Taiyuan City, Shanxi Province as an object of the simulation experiment, the busbar is a conductor to connect with each electrical device, which is an intermediate link of the voltage power distribution equipment at all levels. Therefore, to ensure safe and stable operation of busbar is a vital link in the substation monitoring. This experiment adopts the background subtraction technology to achieve recognition of the entire substation's infrared image, it first achieves locking of the busbar area through the automatic positioning and detection method in the image busbar area, and then carries out scene modeling for the busbar area by the use of the background modeling technology, and finally achieves automatic detection of the foreign matters by the use of the background subtraction technology.
Due to the approximate level of the spatial distribution of busbar, and it is approximately parallel to each other, the busbar imaging structure is distributed in lines in the substation infrared image, and the gray-scale value is relatively low. In view of the following characteristics of the busbar imaging structure, we propose a kind of busbar detection method based on the direction filtering, gradient density and probability density estimation, Hough transformation and adaptive dynamic K-fuzzy c-means clustering. The horizontal line target is strengthened by using the direction filtering operator. The busbar confidence diagram is generated based on the gradient density of the image. The busbar area is extracted on the basis of the busbar confidence diagram, and the closed busbar area is obtained by using the morphology processing. The set of straight-line segment on the busbar is obtained through the standard Hough transformation. Finally, the adaptive dynamic K-fuzzy c-means clustering method is adopted to cluster the straight-line segment, optimize the straight line and obtain a closed busbar mark line. So far, the automatic positioning and detection of the busbar area has been completed.
The experiment results are shown in the figure 3.
CONCLUSION
In recent years, the recognition technology based on the infrared image target extraction has a rapid improvement in the power industry, and it also has a technical improvement for the industry characteristics, which is especially widely applied in the substation operation monitoring system. For monitoring the real-time operation status of the equipment in the substation and natural environment condition of the substation, the networking effect is particularly obvious by using this technology, and more conducive to judging the substation operation status by regulators at once. In the application process, the recognition technology based on the infrared image target extraction has a very good application effect in the power industry, but there are still inadequate researches on the relatively vague target feature extraction, uncertain feature target recognition method and system comprehensive integration and other issues. Therefore, for the application of the recognition technology based on the infrared image target extraction in the power industry, there are still many theoretical and technical issues to be further researched.
